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*#$-! !" EFGH -"* !& *4# $' $%# !/,#*-"3# '8 $%# *!'*# 3'""#3$#* $5-"&!&$'5 (%!3%
,5'0!*#& $%# 5#&!&$!0# # #/#"$ '8 $%# 3455#"$ $' 0' $-C# ,-5$ '8 $%# 3!534!$6
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 !"#$ %& '()*$ +!,#( -./0#!*.() ,$-0#*- 1(, 2(/".)$3 456 !)3 2(/7!,!*(,8 90/:
"$, (1 7.;$#- <=$,$ *=$ 2(/7!,!*(, (0*70* -<.*2=$3 (0* (1 >?? -./0#!*$3 <.*=
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&8"# !A4!!( #%! :$/"# 4."! "%'*# '0 #%! 567 +, )!-!) "%'*# ?B "#.0(./( (!-'.#'$0"
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"'" )!-!)2 M* #%! */!<8!04; :." '04/!."!( #$ 100k Hz #%!0 #%! &.A'&8& %;"#!/!"'"
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*+&&-18 $ 8/!=$/ !1+' :)-* "-8)& =+ 7!1+ =0 #$**-18 &)+ A(B !6&#6& &)%!68) $
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 !"#$% &#'()*'+, !$-$! (" ,'-$ (*$ ) . )'("% /"%$ ('/$ (" 0'&)* %,$1 2*$ !$-$! # &
3$.( *',* $+"4,* (* ( (*$ !"# -"!( ,$ +"+5!'+$ %'('$& "6 (*$ )4%%$+( &"4%)$ 0'0 +"(
 ﬀ$)( (*$ 0'&)* %,$ )4%-$1 2*$&$ +"+5!'+$ %'('$& "))4%%$0 #*$+ (*$ 0% '+5&"4%)$
-"!( ,$  )%"&& (*$ )4%%$+( &"4%)$ (% +&'&("% 0%"..$0 8$!"# (*$ (*%$&*"!0 -"!( ,$
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! ('"+& /$ &4%'+, (*$ #'0(* "6 (*$ .4!&$&1 2*$ #'0(* "6 (*$ .4!&$ # & 0$ﬁ+$0  &
(*$ ('/$ 0'ﬀ$%$+)$ 8$(#$$+ #*$+ (*$ %'&'+,  +0 6 !!'+, $0,$ )%"&&$0 <1@A ;1 2*'&
- !4$ # & )*"&$+  & (*$ $0,$& "6 (*$ .4!&$ #$%$ %$! ('-$!> % .'0 )"/. %$0 #'(*
'(B& #'0(*C3n s %'&$  +0 6 !! ('/$&D1 2*$ .4!&$&  !&" 0%"-$ $'(*$% &'+,!$ (% +&'&("%&=
(% +&/'&&'"+ , ($& "% "(*$% '+-$%($%&  !! "6 #*')* #"4!0 * -$ 0'ﬀ$%$+( &#'()*5"+
-"!( ,$&1
E',4%$ FG &*"#& (*$ %$&4!('+, .!"( "6 (*$ .4!&$ #'0(* -&1 8' & %$&'&( +)$1
2*$%$ '&  !'+$ % %$! ('"+&*'. 8$(#$$+ 8' & %$&'&( +)$  +0 .4!&$ #'0(* C0"48!'+,
(*$ %$&'&( +)$ #'!! 0"48!$ (*$ .4!&$ #'0(*D1 E"% $ &$ "6 4&$ (*$ .!"( * & !", %'(*/')
 H$& %$&4!('+, '+ (*$ )4%-$1 2*$ /'+'/4/ %$&'&( +)$ '& &$( 8> (*$  +('5&( (') '+.4(
.%"($)('"+ "6 (*$ . 0& "6 (*$ )*'. #*')* * -$  + '+*$%$+( 500Ω &$%'$& %$&'&( +)$1
<I@
22% 50%
Ω
500Ω
13.4n s 2.07u s
500kΩ !" #$% $&%' (')*+ +),-*. ",$*%-/*" %-0)&$"-'* "1$" "1/ ,-%-*. $*+ ($&&-*.
/+./% '( "1/ 2)&%/ '33), #-"1-* 3n s 
41/ 5'*"/ 6$,&' 7$,-$"-'* #')&+ 8/3'0/ -02',"$*" #1/* 3'*%-+/,-*. "1/
/ﬀ/3"% '( "1/ 2)&%/ #-+"1 '* "1/ '2/,$"-'* '( "1/ "-0-*. 3-,3)-" 41/ "-0-*.
3-,3)-" #-&& 8/ 3'7/,/+ -* :/3"-'* ; < $*+ -" #-&& 8/ %1'#* "1$" "1/,/ -% $ 0-*-0)0
7$&)/ (', "1/ 3'*",'& 2)&%/% %)31 "1$" "1/ "-0-*. 3-,3)-" 3$* ,/%2'*+ 41/ 2)&%/
#-+"1 -% $&%' .&'8$&&= 3'*",'&&/+ %' -" #')&+ 1$7/ "' 8/ %/" &$,./ /*').1 %)31 "1$"
"1/ 2,'3/%% 7$,-$"-'* +-+ *'" 3$)%/ %'0/ '( "1/ "-0-*. 3-,3)-"% "' ./" 2)&%/% #-"1
"'' %1'," #-+"1% 41/ 2)&%/ #-+"1 $&%' -*",'+)3/% $* /,,', -*"' "1/ "-0-*. 3-,3)-"
$*+ "1/,/(',/ *//+ "' 8/ >/2" $% %0$&& $% 2'%%-8&/? ,/@)-,-*. $ ",$+/ 8/"#//*
'2/,$"-'* '( 0'%" '( "1/ 2-A/&% $*+ /,,', -*",'+)3/+ -*"' "1'%/ #1-31 +' #',> 
 !" #$%$&'
 !"!# $%&'()*+&,(%
41/ "-0-*. 3-,3)-" (',0/+ "1/ 0$-* 2,'3/%%-*. 3'02'*/*" -* "1/ 3-,3)-" !" #$%
+/%-.*/+ "' 2,'+)3/ $ 7'&"$./ +/2/*+/*" '* "1/ "-0/ 8/"#//* $ %/" '( 3'*",'&
2)&%/% 41/ 3'02'*/*" #$% %2/3-ﬁ3$&&= +/%-.*/+ (', "1-% 31-2 $*+ "1/ 3-,3)-" #$%
>/2" $% %-02&/ $% 2'%%-8&/ (', 2,'"'"=2-*. 2),2'%/% 41/ '2/,$"-'* '( "1/ 3-,3)-"
-% .-7/* -* :/3"-'* ; ; ; $*+ "1/ 3-,3)-" +-$.,$0 -% ,/2/$"/+ 1/,/ (', 3'*7/*-/*3/
-* C-.),/ <D 41/,/ #/,/ %/7/,$& $%2/3"% '( "1/ "-0-*. 3-,3)-" #1-31 #')&+ $ﬀ/3"
"1/ ﬁ*$& 2-A/& 
• 6'*",'&&$8-&-"= '( "1/ 2/,-'+ "' 7'&"$./ 3'*7/,%-'* 41-% -% "1/ ,$*./ '(
+-%31$,./ 3),,/*"% "1$" 3')&+ 8/ %/" )%-*. "1/ /A"/,*$& 8-$% ,/%-%"', 41-%
,$*./ #')&+ +/"/,0-*/ "1/ ,$*./ '( 2/,-'+ "' 7'&"$./ 3'*7/,%-'* 3'*%"$*"%
EkpvF "1/ 2,'3/%%-*. 3')&+ '2/,$"/ #-"1? %// :/3"-'* ; G 
• 5-*-0)0 "-0/ *//+/+ "' 31$,./ "1/ "-0-*. 3$2$3-"', 41-% #$% "1/ "-0/
DH<
 !"#$ !% &' ()! ($*$+, -./.-$(' (' -). ,! & '* ()! 0'1(.,! $( ).%  !.-)!%
%# $+, ()! / !0$'#2 -3-1! (' ()! 2#//13 0'1(.,!4 5)! ($*! ,$0!+ (' -). ,$+,
6'#1% 7! 2!( 73 ()! 6$%() '& ()! -'+( '1 /#12!24 8& ()!3 6! ! ('' 2)' ( ()!
$+$($.1 0'1(.,! '& ()! -./.-$(' *$,)( 0. 3 %!/!+%$+, '+ ()! 1.2( 0'1(.,!
$( ).% %$2-). ,!% ('4 8& ()! -./.-$(' ).% %$2-). ,!% 73 '+13 0.5V ()!+
$( *$,)( !.2$13 -). ,! %# $+, . 2)' (  !2!( /#12!9 )'6!0! $& $( ).% .1*'2(
 !.-)!% 0V ()!+ $( 6'#1% +!!% *' ! ($*! (' -). ,!4 :'+, /#12!2 6'#1%
.12' $+( '%#-! . 1'+, 6.$( %# $+, !.-) /! $'% 6)!+ ()! -./.-$(' 6.2 +'(
%$2-). ,$+, .+% ()#2 %$2(' ( ()! '#(/#(4
• ;$+$*#* ($*! +!!%!% (' ( .+2&! ()! ($*$+, -./.-$(' 0'1(.,! () '#,) ()!
2.*/1!< )'1% . -)$(!-(# !4 5)$2 -'+2$2(!% '& ()! 2.*/1!< )'1% 7#ﬀ! .+% ()!
'#(/#( 7#ﬀ! 24 5)$2 6.2 ()! ($*! $( (''> &' ()! 0. $'#2 26$(-)!2 (' 2!( ('
()!$ .// '/ $.(! /'2$($'+2 .+% ()!+ ()! 0'1(.,! 1!0!1 (' / '/.,.(! () '#,)
()! 7#ﬀ! 24 8& ()! 2.*/1! /#12! 6.2 +'( 1'+, !+'#,) (' .--'**'%.(! ()!2!
-).+,!2 ()! '#(/#( 0'1(.,! 6'#1% +'( *.(-) ()! -./.-$(' 0'1(.,!4
• :!.>.,! -#  !+( () '#,) 26$(-)!2 .+% ( .+2*$22$'+ ,.(!24 8%!.113 ()! 26$(-)!2
6$()$+ ()! -$ -#$( 6'#1% >!!/ ()! 2.*/1!% 0'1(.,! 2!/. .(! & '* ()! -./.-?
$(' 0'1(.,! %# $+, ()! ($*$+, /).2! ()! -$ -#$(2 '/! .($'+4 @+3 1!.>.,!
-#  !+( () '#,) ()! 26$(-)!2 6'#1% .ﬀ!-( ()! '#(/#( .--# .-39 !2/!-$.113
6)!+ ($*$+, 1'+, /! $'% $+/#( 2$,+.124
• A#ﬀ! 'ﬀ2!( 0'1(.,!24 B#! (' ()!$ %!2$,+ ()! 7#ﬀ! 2 6$()$+ ()! -$ -#$(
%$2/1.3!% . 0'1(.,! %$ﬀ! !+-! 7!(6!!+ ()! $+/#( .+% '#(/#( 0'1(.,!24
 !"!# $%&'()*%+,
C$,# ! DE 2)'62 )'6 ()! 1$+!. $(3 '& ()! %$2-). ,! -# 0! 0. $!2 6$() ()! 0'1(.,! '&
()! -./.-$(' 4 5)! #//! ( .-! 2)'62 ()! 0'1(.,! .- '22 ()! ($*$+, -./.-$(' .+%
FGH
12.43µs 539mV
539mV

 !"!#$%&' ($)#*!'+, -!%,  !" ﬁ$%& '%(")& *+ &!" &,-,./ ),$)0,& %,-01'&"2
3'% &!" 2,%)!'$/" )!'$')&"$,%&,)% *+ &!" &,-,./ )'('),&*$4 5,/0$" 67 %!*3% ' %,-8
01'&,*. *+ &!" 2,%)!'$/" )0$9" *+ &!" &,-,./ )'('),&*$ 3,&! &!" )*.&$*1 (01%"% +*$
$"+"$".)"4  !" &,-,./ )'('),&*$ 9*1&'/" !'% ' ﬁ.,&" $,%" &,-" 3!,)! )*$$"%(*.2%
&* &!" &,-" .""2"2 &* )!'$/"4 :& !'% '. '1-*%& 1,."'$ 2,%)!'$/" )0$9" 0.&,1 &!"
".2 3!"$" &!" )0$$".& %*0$)" &$'.%,%&*$ .* 1*./"$ !'% ' 1'$/" ".*0/! 2$',.8%*0$)"
9*1&'/" &* ($*9,2" ' )*.%&'.& )0$$".&4
;6<
kpv
kpv
500Ω 500kΩ
kpv
1.36µs 1.1ms
kpv
kpv
10kΩ
80k Hz 1.65V
3V 0.3V 0.3V
3V
kpv
0V 1% 3.3V 53.2n s
 !"#$ %$&"$ '()  $(*)+#))#%* ,(-" . ,/0 )(+12"3!%2& 45ﬀ"$ .7 8 95ﬀ"$/0 (
)":%*&  ,0 %5-15- 45ﬀ"$ (*& 7;8<;= 82-!%5>! *%- )!%'* #* ?#>5$" @A () #-
#) *%- 1($- %B -!" 1#C"2 1$%:"))#*>0 -!" 7;8<; #) *""&"& -% &$#D" 2($>" 2%(&)
%ﬀE:!#1= ?%$ ( :(+"$( %*2F %*" 7;8<; '%52& 4" *""&"&0 (*& :%**":-"& -%
'!#:!"D"$ 1#C"2 '() 4"#*> )(+12"&=
 !" -#+#*> 45ﬀ"$ '() (* 7 8 45ﬀ"$0 +%&#ﬁ"& -% !(D" ( 2%'"$ B$"H5"*:F $%22E
%ﬀ (- 16k Hz= 82-!%5>! -!" )(+12"& D%2-(>" '%52& !(D" -% 1$%1(>(-" -!$%5>!
-!" '!%2" :!(#*0 %*2F -!" -'%  ,) (*& -!" )(+12"3 !%2& 95ﬀ"$ '%52& !(D" -%
$")1%*& '#-!#* -!" )(+12" 152)"0 -!" %-!"$) '%52& !(D" -!" -#+" 4"-'""* )(+12"
152)") -% -$(:I -!" #*15- D%2-(>" .-!" #*15- )#>*(2 B$"H5"*:F/=
 !"$" ($" -'% :()") B%$ -!" D%2-(>" :!(*>" &5$#*> ( )(+12" 152)"J "#-!"$ -!"
*"' -#+#*> :(1(:#-%$ D%2-(>" #) !#>!"$ -!(* -!" 1$"D#%5) D%2-(>"0 :(5)#*> ( $#)#*>
"&>" -% 1$%1(>(-" -!$%5>! -!" 45ﬀ"$ :!(#* -% -!" %5-15-0 %$ -!" :(1(:#-%$ D%2-(>"
#) 2%'"$ -!(- -!" 1$"D#%5) D%2-(>"0 :(5)#*> ( B(22#*> "&>" -% 1$%1(>(-" -!$%5>! -!"
45ﬀ"$ :!(#*=  !")" '#22 4" 2%%I"& (- )"1($(-"2F B%$ -!" '%$)- :()"J ( :!(*>" %B
3.3V 0 -!" )5112F D%2-(>"=
 !"!#$ %&$'  % +"()5$" -!" +(C#+5+ $#)" -#+") B%$ -!" 45ﬀ"$ :!(#* (
)5&&"* :!(*>" B$%+ 0V -% 3.3V '() )#+52(-"& (*& -!" -#+" -(I"* B%$ "(:!
)-(>" #* -!" :!(#* +"()5$"&=  !"  ,0 )(+12"3 !%2& 45ﬀ"$ (*& %5-15- 45ﬀ"$ (22
)!%'"& $"()%*(42F B()- $#)" -#+")0 +"()5$"& () -!" -#+" B%$ -!" %5-15- D%2-(>"
-% >"- '#-!#* 1% %B -!" ﬁ*(2 D%2-(>"0 )""  (42" @=  !#) -(42" (2)% )!%') -!"
+(C#+5+ D%2-(>" -!" 45ﬀ"$ :%52& %5-15-=  !")" D(25") '%52& 2#+#- -!" 5)"B52
$(*>" %B D%2-(>") -!(- :%52& 4" %5-15--"& (*& -!"$"B%$" -!" $(*>" %B B$"H5"*:#")
-!(- :%52& 4" &"+%&52(-"&=  !" 7;8<; !() ( $"2(-#D"2F 2#*"($ $#)"E-#+" 5*-#2
(4%5- 2.7V '!#:! +(-:!"& -!" %5-15- 45ﬀ"$0 !%'"D"$ -!" $#)" -#+" '() +5:!
)2%'"$ (4%D" -!(-=  !" #*15- :!(*>"& D"$F $(1#&2F B$%+ 0V -% 3.3V =  !" %5-15-
A@K
 !"# $%& '()*( $!+,-. /$. /012$ 3$%& "2$12$  !"# $%& "2$12$ 42ﬀ&!6 20$/7 /$
!&+,%&. ∼ 2.7V $%&0 $%& !+$& " ,%+08& " $%& "2$12$  !"# $%& '()*( .7"9.
./80/ﬁ,+0$7;< =%/. 7/#/$. $%& >"7$+8& !+08& $" 7&.. $%+0 2.7V  "!  +.$ >"7$+8&
,%+08&.<
=+47& ?@ A/.& $/#&.  "! $%& $/#/08 ,/!,2/$ 42ﬀ&!. +0B $%& $!+0.#/../"0 8+$&
C"#1"0&0$ =/#& $" DE F/0+7 G"7$+8& F/0+7 G"7$+8&
=!+0.#/../"0 H+$& 4n s 3.3V
.+#17&I %"7B 42ﬀ&! 19.7n s 3.203V
=/#/08 J2ﬀ&! 447u s 3.201V
 !""#$% &'%( =%&  +77 $/#&. 9&!& #2,% #"!& 20/ "!# +0B +!& .2##+!/.&B
/0 =+47& K< )8+/0 $%&!& 9&!& ."#& B&7+;. /0 $%& "2$12$ !&+,%/08 $%& ﬁ0+7 >"7$+8&<
(!&>/"2. $&.$. %+B .%"90 $%+$ $%& $/#/08 ,+1+,/$"!. B/.,%+!8& ,2!>& /. /0,!&+./087;
0"0L7/0&+! 4&7"9 539mV ." $%& $/#&  "! $%& >"7$+8& 7&>&7. $" !&+,% 500mV /.
.%"90 +. $%/. ,">&!. $%& 7/-&7; 2.& 27 !+08& " $%& $/#/08 ,/!,2/$<
=+47& K@ F+77 $/#&  "! $/#/08 42ﬀ&!.M $!+0.#/../"0 8+$& +0B '()*(
C"#1"0&0$ =/#& $" DE F/0+7 G"7$+8& F/0+7 G"7$+8& =/#& $" 500mV
=!+0.#/../"0 H+$& 1.06n s 0V L
.+#17&I %"7B 42ﬀ&! 19.3ms 22.57mV 51.2n s
"2$12$ 42ﬀ&! 36.0ms 36.28mV 464u s
'()*( 12.9ms 73.59mV 464u s
)*!+%( ,+!$-.(+ /0 1,2 34ﬀ(+ '0& ﬁ0+7 ,"0./B&!+$/"0  "! $%& .+#17&
127.& 9/B$% /. $%& $/#& $+-&0  "! + .#+77 1+!$ " $%& ,%+!8& "0 $%& $/#/08 ,+1+,/$"!
$" ﬂ"9 $" $%& /012$ ,+1+,/$+0,& " $%& .+#17&I %"7B 42ﬀ&!< =%/. $/#& 9+.  "20B
$" 4& 7&.. $%+0 20n s +0B $%&!& "!& +11!"O/#+$&7; $%& .+#& 7&08$% +. $%& #/0/#2#
127.& 9/B$% +0B 207/-&7; $" 4& + 7/#/$/08  +,$"! 207&..  +.$&! 42ﬀ&!. +!& 2.&B<
)0$6"4-#0$ =%&.& ./#27+$/"0. B&#"0.$!+$& $%& >+!/+47& .7&9 !+$&. " $%&
>+!/"2. 42ﬀ&!. 9/$%/0 $%& $/#/08 ,/!,2/$< P0 $%& #/BB7& !+08& " $%&/! "1&!+$/"0 $%&
D?Q
 !ﬀ#$% &'' ()&*+# ,-'.&+# $#'&./,#'0 1!/(2'0 3/.) .)# %'-3#%. $/%# $&.# -4 7.2k V/s
&*5 .)# %'-3#%. 4&'' $&.# -4 5.6k V/s6 7)#%# %'#38$&.#% &$# &99'/(& '# 3/.)/* .)#
$&*+# ∼ 500mV →∼ 3.1V 6 :!.%/5# .)/% $&*+# .)#  !ﬀ#$% ;&0 %./'' -9#$&.#<
 !. 3/.) /*($#&%/*+ 5#'&0 ./;#% 4-$ ,-'.&+# 9$-9&+&./-*< &*5 .)#$#4-$# #$$-$% /*
.)# 5#;-5!'&./-* 9$-(#%%6 7)# %&;9'#= )-'5  !ﬀ#$ &*5 7>% (&* $#%9-*5 &. &
;/*/;!; 4&'' $&.# -4 52M V/s &*5 $/%# $&.# -4 162M V/s6 >/,#* .)&. .)# ;/*/;!;
9!'%# 3/5.) /% 13.4ns .)#%# (-;9-*#*.% (&* (-,#$ 20% -4 .)# %!99'0 $&*+# 3/.)/*
.)&. ./;#6
?. %)-!'5  # *-.#5 .)&. .)# %!99'0 $&*+# ,-'.&+# ()&*+# !%#5 /* .)# %/;!'&./-*%
3-!'5  # !*'/2#'0 .- -((!$ !*5#$ *-$;&' (/$(!;%.&*(#% &% /. 3-!'5 $#1!/$# .)&. .)#
,/ $&./-* 4$#1!#*(0  # ('-%# .- .)# (&$$/#$ 4$#1!#*(06 @-$ .)# A-99'#$  &*53/5.)
.- *-. #B(##5 .)#  &*53/5.) &,&/'& '#< %#.  0 .)# C$&++ D#''%< .)# ;&B/;!;
&;9'/.!5# -4 .)# ,/ $&./-* 3-!'5  # #B(##5/*+'0 %;&''6 >/,#* .)&. .)# A-99'#$
 &*53/5.) /% &ﬀ#(.#5  0 .)# 4$#1!#*(0 &*5 &;9'/.!5# -4 .)# ,/ $&./-*< .- +&/* &
!%#4!' &;9'/.!5# .)# (&$$/#$ 4$#1!#*(0 3/'' *##5 .-  # '&$+#$ .)&* .)# ,/ $&./-*
4$#1!#*(06 E% %!() .)#$# 3/''  # %#,#$&' (0('#% -4 .)# (&$$/#$ 4-$ #&() ,/ $&./-*
(0('#6 7)/% #ﬀ#(./,#'0 %&;9'#% .)# ,/ $&./-* 3&,#4-$; %#,#$&' ./;#% &*5 &% %!()
.)# ,-'.&+# 5/ﬀ#$#*(#  #.3##* #&() %&;9'# 3-!'5  # & 4$&(./-* -4 .)# %!99'0 $&*+#6
 !"#$% &!"#'($ "()  !"#$% *(+%,-'.( :*# %-!$(# -4 #$$-$ 5!$/*+ .)# %&;9'#
%/+*&' ./;# /% .)# .$&*%4#$ -4 .)# ,-'.&+# 4$-; .)# ./;/*+ (&9&(/.-$ .- .)# /*9!.
-4 .)# 7> &*5 :7E C!ﬀ#$6 @/+!$# FG %)-3% & ;&+*/ﬁ#5 $#+/-* -4 .)# ./;/*+
(&9&(/.-$ ,-'.&+# &*5 %&;9'#  !ﬀ#$I% /*9!. &*5 -!.9!.6 7)# 9-/*. '& #'#5 7/;/*+
(&9&(/.-$ ,-'.&+#  #4-$# %&;9'# %)-3% .)# ./;# -4 .)# %&;9'# 9!'%# %.&$.6 7)#
)-$/J-*.&' '/*# %)-3% .)# ,-'.&+# .)# ./;/*+ (&9&(/.-$ )&5 $#&()#56 7)/% ,-'.&+#
5$-9% /*/./&''0< ;&.()/*+ .)# /*9!. .- .)# :7E C!ﬀ#$< 5!# .- & %;&'' 9-$./-* -4 .)#
()&$+# -* .)# ./;/*+ (&9&(/.-$ ﬂ-3/*+ .- .)# /*9!. -4 .)#  !ﬀ#$ .- #1!&'/%# .)#/$
LFF
10µm 10µm
 !" #$ %&' ()" *!+, -" .""/  !" +/01 (/2 &1 01 &,  !" -1ﬀ"4* (/2  !" *5(''
6144"/ .!+6! '"(7*  !4&1)!  !" 89* .!"/  !": (4" 6'&*"2; 8!"*" (4" *!&./ +/
<+)14" =>; 8!+* ﬁ)14" .(* )"/"4( "2 1*+/) ( *+51'( +&/ .+ ! ( -+(* 4"*+* (/6"
&, 10kΩ (/2 (/ +/01 ,4"@1"/6: &, 80k Hz; 8!" *(50'" (/2 4"*" *+)/('* (4"
(22"2 ,&4 4","4"/6"; #14+/)  !" *(50'" 01'*"  !" *.+ 6!"* (4" &0"/ (/2 !(%"
5+/+5(' #$ *!+, (64&**  !"5; 8!+* +* *!&./ -: 89AB* +/01 (/2 &1 01 -"+/)
 !" *(5" %&' ()"; 8!" 2+ﬀ"4"/6" -" .""/  !" %&' ()"* '(-"'"2 +* 21"  &  !" -1ﬀ"4*;
8!" *(50'"C!&'2 -1ﬀ"4 (22+/) 4mV D  !" &1 01 -1ﬀ"4 4"5&%+/) 9mV (/2  !"
EFGHF (22+/) ( %"4: *5('' %&' ()"; 8!"*" %&' ()" *!+, * (4" ('.(:* +/ "ﬀ"6 
(/2 *!&1'2 -" 6&/*+2"4"2 .!"/ '&&7+/) (  !" (%(+'(-'" &1 01 %&' ()" 4(/)" &,
 !" 6+461+ ;
G, "4  !" *(50'" 01'*" !(* ﬁ/+*!"2 + 6(/  !"/ -" *""/  !( 89IB* &1 01 
* (4 *  & +/64"(*"; 8!+* +* 21"  & ( %"4: *5('' 6144"/ JK600f AL '"(7+/)  !4&1)!
 !" 89 ,4&5  !"  +5+/) 6(0(6+ &4 %&' ()"J/&. (004&M+5( "': 3.3V L  &  !" +/01 
6(0(6+ (/6" &,  !" *(50'"C!&'2 -1ﬀ"4; 8!+* 6(1*"*  !" &1 01  & )4(21('':  4(67
 !" 6(0(6+ &4 %&' ()";
 !"#$!% &'%() *+,#- ./$+/#+!" N !(* -""/ *!&./  !(  !" .+2 ! &,  !"
6&/ 4&' 01'*"* !(* (/ "ﬀ"6 &/  !"  +5+/) 6+461+ B* &0"4( +&/; G*+2" ,4&5  !"
&0"4( +&/ &,  !"  +5+/) 6+461+ "'"6 4&/+6*D  !" 01'*" .+2 ! !(* (/ "ﬀ"6 &/  !"
0"4+&2  & %&' ()" 6&/%"4*+&/; #14+/)  !" 01'*"B* (6 +%"  +5"  !" 6(0(6+ &4 +* /& 
2+*6!(4)+/) (/2  !"4",&4" /&  +5+/)  !" +/01 *+)/('; 8!+* 4"*1' * +/  !" %&' ()"
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+'* )!" )3&" $1 *.%/5').$0 0"",", )$ ﬁ0, )!" !3*)"("*.* &$.0) '0, #$/5, 0$) 4"
(/0 '* K$0)" F'(5$ *.%/5').$08
LGM
16.8 kΩ
0V 3.3V
0.3V

 !" #$%&"&' ()*  !+& , -)$.%" /),0+,% /,.%" 1,& .$+%  ) /,**2  !" &+34,%&  )  !"
)&/+%%)&/)#"' 5!" #$%&" 1+- !& /)$%- ." 6,*+"- .2 /!,43+43  !" .+,& *"&+& ,4/" )7
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/9!, !, 01/%- /90#"9/ 01 ., . 60,!/!G% +.3K<01<.-<%+%3/$0- A0G!-" !- /9% 0660,!/%
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#&4!",(&*- &# ,- &'$,"  $+&*' (* <*"(,.$ /*-<$+#&*- ,-' ()$+$3*+$ <,+&$# 3+*4 0V
(* 2.7V 1 2)$ (&4&-. *!( !(# 3*""*% ()$ #&4!",($' +$#!"(# *<$+ ()$ +,-.$ 15k Hz
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